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Description 

[0001 ] The present invention relates to an FM demod- 
ulation circuit and, more particularly, to a delay-type FM 
demodulation circuit for use in, e.g., an EIAJ (Electronic 5 
Industry Association of JAPAN standard) TV sound mul- 
tiplex broadcast receiving apparatus or a home-use 
VCR reproducing apparatus. 

[0002] A delay-type FM demodulation circuit shown 
in FIG. 1 is generally used to modulate an FM signal 
having a band occupation rate with respect to the fre- 
quency of a carrier wave signal, i.e., a sub-audio signal 
of an EIAJ standard TV (television) sound multiplex 
broadcast or a^ luminance recording signal of a home- 
use VCR (Video Cassette Recorder). 
[0003] In the delay-type FM demodulation circuit 
shown in FIG. 1, reference numeral 101 denotes a lim- 
iter amplifier (amplitude limit amplification circuit); 102, 
a first delay circuit; 103, multiplication circuit; and 104, 
an LPF (Low Pass Filter). 

[0004] FIG. 2 shows waveforms of respective parts for 
explaining an operation performed when a time which 
is a quarter of an input signal period is equal to the delay 
time of the delay circuit in the delay-type FM demodu- 
lation circuit in FIG. 1 . 

[0005] FIG. 3 shows waveforms of respective parts for 
explaining an operation performed when an input fre- 
quency is lower than the frequency shown in FIG. 2 in 
the delay-type FM demodulation circuit in FIG. 1 . 
[0006] FIG. 4 shows waveforms of respective parts for 
explaining an operation performed when an input fre- 
quency is higher than the frequency shown in FIG. 2 in 
the delay-type FM demodulation circuit in FIG. 1 . 
[0007] The operation principle of FM demodulation in 
the delay-type FM demodulation circuit in FIG. 1 will be 
described below with reference to the waveform charts 
shown in FIGS. 2 to 4 by using, as an example, a case 
wherein a sub-audio signal (FM signal) included in a re- 
ception signal of an EIAJ standard TV sound multiplex 
broadcast is input as shown in FIG. 5A. 
[0008] An FM-modulated input signal (FM signal) 

(5101) has its waveform shaped by the limiter amplifier 
1 01 and is then divided into two signals. The first signal 

(5102) is directly input to the multiplication circuit 103. 
The second signal is delayed by a predetermined time 
by the first delay circuit 1 02. The delayed signal (S1 03) 
is input to the multiplication circuit 103. The circuit 103 
multiplies two input signals, generating a multiplication 
output signal (S1 04). The duty ratio of the output signal 
(S104) changes in proportion to the input frequency as 
long as the period of the input signal is twice or more 
the delay time. 

[0009] In a conventional delay-type FM demodulation 
circuit, since an input signal is multiplied by a signal ob- 
tained by delaying the input signal by a predetermined 
time, the multiplication output signal (S104) has a har- 
monic wave having a wave which is twice the input sig- 
nal as a fundamental wave as shown in FIG. 5B. 
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[0010] When the LPF (low pass filter) 104smoothens 
the multiplication output signal (S1 04), a signal voltage 
(S1 05) which is in proportion to the duty ratio of the mul- 
tiplication output signal (S104) is generated. More spe- 
cifically, when the LPF 1 04 removes the harmonic wave 
which is twice the input signal, an FM demodulation sig- 
nal (sub-audio signal) can be obtained which is propor- 
tional to the input signal frequency. 
[001 1 ] Although the delay time of the delay circuit has 
such an arbitrarily value, in a range in which the input 
signal period is twice or less the delay time, as shown 
in FIG. 6, an FM demodulation output voltage is not in 
proportion to the input frequency. Therefore, to perform 
FM demodulation without any distortion, the delay time 
of the delay circuit must be shorter than half the period 
of a signal obtained when the input signal is positively 
deviated by the maximum frequency. If the delay time is 
a quarter of a carrier wave period, the range in which 
FM demodulation can be performed without any distor- 
tion is maximum. For this reason, the delay time is de- 
signed to be a quarter of the carrier wave period. 
[001 2] When a signal such as a sub-audio signal used 
in the EIAJ standard TV sound multiplex broadcast re- 
ceiving apparatus or a luminance recording signal used 
in a home-use VCR reproducing apparatus having a 
broad band occupation rate has a frequency higherthan 
th at of a carri e r wave , th e f req u e ncy of th e h ig h -f req u e n - 
cy component of a demodulated signal and the frequen- 
cy of the low-frequency component of a harmonic wave 
are close to each other. For this reason, an LPF having 
sharp stopping characteristics is required to remove the 
harmonic wave without attenuating the high-frequency 
component of the demodulated signal. 
[0013] However, since the LPF having sharp stopping 
characteristics generally has its phase characteristics 
which considerably changed, it cannot be used in the 
signal processing circuit of a VCR, which processes a 
video signal or in a sound multiplex demodulation circuit 
which arithmetically processes a main audio signal and 
a sub-audio signal to demodulate stereo sound. 
[0014] The LPF 104 actually used has characteristics 
set by trade-off between the stopping characteristics 
and the phase characteristics. Since the LPF 104 can- 
not have satisfactorily stopping characteristics, a har- 
monic wave leaks on the LPF output side. 
[0015] FIG. 7 is a waveform showing how a harmonic 
wave leaks when a conventional delay-type FM demod- 
ulation circuit is used to perform sub-audio demodula- 
tion in an EIAJ standard TV sound multiplex broadcast. 
In this case, the delay time of a delay circuit is a quarter 
of the carrier wave period, the input signal has a fre- 
quency of 1 kHz, no modulation is performed, and pri- 
mary LPFS having cut-off frequencies of 15.734 kHz 
and 2.12 kHz are connected in cascade to the output 
terminal of a multiplication circuit. As seen from the 
waveform in FIG. 7, a harmonic wave leaks. 
[0016] FIGS. 8 and 9 show the waveform and fre- 
quency spectrum of a demodulation output obtained 
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when a conventional delay-type FM demodulation cir- 
cuit is used for sub-audio demodulation of an EIAJ 
standard TV sound multiplex broadcast. In this case, the 
delay time of a delay circuit is a quarter of a carrier wave 
period, the input signal has a frequency of 1 kHz, the 5 
modulation factor is 100%, and primary LPFS having 
cut-off frequencies of 1 5.734 kHz and 2.12 kHz are con- 
nected in cascade to the output terminal of a multiplica- 
tion circuit. As can be understood from the waveform in 
FIGS. 8 and 9, a harmonic wave leaks. w 
[001 7] As described above, a conventional delay-type 
FM demodulation circuit requires an LPF having sharp 
stopping characteristics to remove a harmonic wave 
without attenuating the high-frequency component of a 
demodulation signal included in a multiplication output is 
signal. However, an actually used LPF has characteris- 
tics which are set by trade-off between stopping char- 
acteristics and phase characteristics, the stopping char- 
acteristics of the LPF cannot be satisfactorily assured. 
For this reason, a harmonic wave disadvantageously 20 
leaks on the LPF output side. 

[0018] From patent abstract of Japan, vol. 009, no. 
277 (E-355) and JP-60119104 A; a FM demodulator is 
known which prevents the generation of an unneces- 
sary frequency component that is twice the carrier fre- 25 
quency. A reproduced FM luminance signal is supplied 
to an input terminal, from where the signal is supplied 
to a Va frequency phase shifter, such that two signals 
separated in their phases by M of the frequency are out- 
put. These two signals are supplied to respective delay 30 
circuits and delayed for a period corresponding to 1 /8 of 
the frequency period. These delayed signals are then 
demodulated and the demodulated signals are added in 
an adder. As a consequence, a signal of four times the 
frequency of the input signal is output. 35 
[001 9] The object of the present invention is to provide 
an improved delay-type FM demodulation circuit. 
[0020] This object is solved by the circuits described 
in independent claims 1 and 3. Advantageous embodi- 
ments are described in dependent claims 2 and 4. 40 
[0021] This invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a block diagram showing a conventional 4$ 
FM demodulation circuit; 

FIG. 2 is a waveform chart showing waveforms of 
respective parts for explaining an operation in the 
conventional delay-type FM demodulation circuit; 
FIG, 3 is a waveform chart showing waveforms of so 
respective parts for explaining an operation per- 
formed when an input frequency is lower than the 
frequency shown in FIG. 2 in the conventional de- 
lay-type FM demodulation circuit; 
FIG. 4 shows waveforms of respective parts for ex- 55 
plaining an operation performed when an input fre- 
quency is higher than the frequency shown in FIG. 
2 in the conventional delay-type FM demodulation 



circuit; 

FIGS. 5A and 5B are graphs showing frequency 
bands of an input signal and an output signal when 
a sub-audio signal included in an EIAJ standard TV 
sound multiplex broadcast signal is input to the con- 
ventional delay-type FM demodulation circuit; 
FIG. 6 is a graph showing the relationship between 
an input signal frequency and an FM demodulation 
output voltage in the conventional delay-type FM 
demodulation circuit; 

FIG. 7 is a graph showing a manner of leakage of 
a harmonic wave obtained when the conventional 
delay-type FM demodulation circuit is used for sub- 
audio demodulation in an EIAJ standard TV sound 
multiplex broadcast; 

FIG. 8 is a graph showing a demodulation output 
obtained when the conventional delay-type FM de- 
modulation circuit is used for sub-audio demodula- 
tion in an EIAJ standard TV sound multiplex broad- 
cast; 

FIG. 9 is a graph showing the frequency spectrum 
of the demodulation output obtained when the con- 
ventional delay-type FM demodulation circuit is 
used for sub-audio demodulation of an EIAJ stand- 
ard TV sound multiplex broadcast; 
FIG. 1 0 is a block diagram showing a delay-type FM 
demodulation circuit according to the first embodi- 
ment of the present invention; 
FIG. 11 is a waveform chart showing waveforms of 
respective parts for explaining an operation in the 
delay-type FM demodulation circuit in FIG. 10; 
FIG. 12 is a waveform chart showing waveforms of 
respective parts for explaining an operation per- 
formed when an input frequency is lower than a fre- 
quency shown in FIG. 11 in the delay-type FM de- 
modulation circuit in FIG. 10; 
FIG. 13 is a waveform chart showing waveforms of 
respective parts for explaining an operation per- 
formed when an input frequency is higher than a 
frequency shown in FIG. 11 in the delay-type FM 
demodulation circuit in FIG. 10; 
FIGS. 14A and 14B are graphs showing the fre- 
quency bands of input and output signals obtained 
when a sub-audio signal included in an EIAJ stand- 
ard TV sound multiplex broadcast signal is input to 
the delay-type FM demodulation circuit in FIG. 10; 
FIG. 15 is a graph showing a manner of leakage of 
a harmonic wave obtained when the delay-type FM 
demodulation circuit in FIG. 1 0 is used for sub-audio 
demodulation in an EIAJ standard TV sound multi- 
plex broadcast; 

FIG. 16 is a graph showing a demodulation output 
obtained when the delay-type FM demodulation cir- 
cuit in FIG. 10 is used for sub-audio demodulation 
in an EIAJ standard TV sound multiplex broadcast: 
FIG. 17 is a graph showing the frequency spectrum 
of the demodulation output obtained when the de- 
lay-type FM demodulation circuit in FIG. 1 0 is used 
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for sub-audio demodulation of an EIAJ standard TV 
sound multiplex broadcast; 
FIG. 1 8 is a block diagram showing a delay-type FM 
demodulation circuit not belonging to the present in- 
vention; 

FIG. 1 9 is a block diagram showing a delay-type FM 
demodulation circuit according to the second em- 
bodiment of the present invention; 
FIG. 20 is a waveform chart showing waveforms of 
respective parts for explaining an operation in the 
delay-type FM demodulation circuit in FIG. 19; 
FIG. 21 is a waveform chart showing waveforms of 
respective parts for explaining an operation per- 
formed when an input frequency is lower than a fre- 
quency shown in FIG. 20 in the delay-type FM de- 
modulation circuit in FIG. 19; and 
FIG. 22 is a waveform chart showing waveforms of 
respective parts for explaining an operation per- 
formed when an input frequency is higher than a 
frequency shown in FIG. 20 in the delay-type FM 
demodulation circuit in FIG. 19. 

[0022] Embodiments of the present invention will be 
described below with reference to the accompanying 
drawings. 

[0023] FIG. 10 shows a delay-type FM demodulation 
circuit according to the first embodiment of the present 
invention. In the delay-type FM demodulation circuit in 
FIG. 10, reference numeral 11 denotes a limiter amplifier 
(amplitude limit amplification circuit) for performing am- 
plitude limit amplification to an input signal (S11). 
[0024] Reference numeral 1 2 denotes a first delay cir- 
cuit for delaying an output signal (S12) from the limiter 
amplifier by a predetermined time to obtain a first delay 
signal (S13). Reference numeral 13 denotes a second 
delay circuit for delaying the output signal (S13) from 
the first delay circuit to obtain a second delay signal 
(S14). Reference numeral 14 denotes a third delay cir- 
cuit for delaying the output signal (S1 4) from the second 
delay circuit by a predetermined time to obtain a third 
delay signal (S15). 

[0025] Reference numeral 1 5 denotes a first multipli- 
cation circuit for multiplying the output signal (S1 2) from 
the limiter amplifier and the first delay signal (S13); ref- 
erence numeral 16 denotes a second multiplication cir- 
cuit for multiplying the second delay signal (S14) and 
the third delay signal (S15); and reference numeral 17 
denotes an adding circuit for adding an output signal 
(S16) from the first multiplication circuit 15 and an output 
signal (S17) from the second multiplication circuit 16. 
[0026] Reference numeral 18 denotes an LPF (low 
pass filter) for receiving an output signal (S1 8) from the 
adding circuit 17 to remove an unnecessary harmonic 
wave. 

[0027] More specifically, the delay-type FM demodu- 
lation circuit in FIG. 10 generates first to third signals 
which are delayed from an input signal by a time (as will 
be described later, for example, 1/8, 1/4, or 3/8 is pref- 



erable) which is gradually elongated within a time short- 
er than 1/2 a signal period obtained when an FM-mod- 
ulated input signal is positively deviated. In this state, 
the input signal and the first signal are multiplied by 
means of the first multiplication circuit 15, and the sec- 
ond signal and the third signal are multiplied by means 
of the second multiplication circuit 1 6, and an output sig- 
nal from the first multiplication circuit and an output sig- 
nal from the second multiplication circuit are added to 
each other by means of the adding circuit 17. 
[0028] FIG. 11 shows waveforms of respective parts 
for explaining an operation in the delay-type FM demod- 
ulation circuit in FIG. 10. 

[0029] FIG. 12 shows waveforms of respective parts 
for explaining an operation performed when the fre- 
quency of the input signal is lower than the frequency of 
the input signal in FIG. 11 in the delay-type FM demod- 
ulation circuit in FIG. 10. FIG. 13 shows waveforms of 
respective parts for explaining an operation performed 
when the frequency of the input signal is higher than the 
frequency of the input signal in FIG. 1 1 in the delay-type 
FM demodulation circuit in FIG. 10. 
[0030] An operation principle of FM demodulation in 
the delay-type FM demodulation circuit in FIG. 10 will 
be described below with reference to the waveform 
charts shown in FIGS. 1 1 to 1 3 by using, as an example, 
a case wherein a sub-audio signal (FM signal) included 
in a reception signal of an EIAJ standard TV sound mul- 
tiplex broadcast is input as shown in FIG. 5A. 
[0031] An FM-modulated FM signal input (S11) is 
waveform shaped by the limiter amplifier 11 and then 
branched into two signals. One signal (S12) is directly 
input to the first multiplication circuit 15, and the other 
signal is input to the first delay circuit 1 2. The first delay 
circuit 12 outputs the first delay signal (S13) obtained 
by delaying the input signal by a predetermined time. 
The output signal from the first delay circuit 12 is 
branched into two signals. One signal is directly input to 
the first multiplication circuit 15, and the other signal is 
input to the second delay circuit 13. The second delay 
circuit 13 outputs the second delay signal (S14) ob- 
tained by delaying the input signal by a predetermined 
time. An output signal from the second delay circuit 13 
is branched into two signals, one signal (S1 4) is directly 
input to the second multiplication circuit 1 6, and the oth- 
er signal is input to the third delay circuit 14. The third 
delay circuit 14 outputs the third delay signal (S15) ob- 
tained by delaying the input signal by a predetermined 
time to input it to the second multiplication circuit 16. 
[0032] The first multiplication circuit 1 5 multiplies two 
input signals to obtain a first multiplication output signal 
(S1 6). The second multiplication circuit 1 6 multiplies two 
input signals to obtain a second multiplication output sig- 
nal (S17). 

[0033] In this manner, the duty ratio of the first multi- 
plication output signal (S16) is in proportion to the fre- 
quency of the input signal, and the duty ratio of the sec- 
ond multiplication output signal (S17) is also in propor- 
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tion to the frequency of the input signal. In this case, the 
second multiplication output signal (S17) is delayed 
from the first multiplication output signal (S16) by the 
delay time of the second delay circuit 13. 
[0034] The adding circuit 1 7 adds the first multiplica- s 
tion output signal (S16) and the second multiplication 
output signal (S17) to obtain an addition output signal 
(S1 8). Since both the signals (S1 6) and (S1 7) have duty 
ratios which are in proportion to the frequency of the in- 
put signal, the addition output signal (S18) also has a 
duty ratio which is in proportion to the frequency of the 
input signal. 

[0035] The first multiplication output signal (S1 6) and 
the second multiplication output signal (S17) include 
harmonic waves which are twice the input signal, and 
the second multiplication output signal (S1 7) is delayed 
from the first multiplication output signal (S16) by the 
delay time of the second delay circuit 13. For this rea- 
son, the harmonic waves which are included in the first 
multiplication output signal (S16) and the second multi- 
plication output signal (S17) and twice the input signal 
are partially converted into harmonic waves which four 
times the input signal. 

[0036] When the additioned output signal (S18) is 
smoothed by the LPF 18. an FM demodulation signal 
(sub-audio signal) is obtained, which is in proportion to 
the frequency of the input signal. 
[0037] As described above, since the harmonic wave 
which is included in the additioned output signal (S18) 
and is twice frequency of the input signal is decreased 
by a harmonic wave component which is converted into 
the harmonic wave which is four times the input signal 
frequency, when an LPF having the same stopping char- 
acteristics as those of the LPF inserted into the multipli- 
cation circuit output in a conventional delay-type FM de- 
modulation circuit is used, leakage of a harmonic wave 
can be smaller than that in the conventional delay-type 
FM demodulation circuit. 

[0038] Assume that the delay times of the first delay 
circuit 1 2, the second delay circuit 13, and the third delay 
circuit 14 are set to be 1/8 a carrier wave period. In this 
case, when the input signal frequency is equal to the 
carrier wave cycle, the harmonic wave included in the 
addition output signal (S18) is only a harmonic compo- 
nent which is four times the input signal frequency. As 
a result, the harmonic component which is twice the in- 
put signal frequency is completely removed, and detec- 
tion efficiency is maximum. 

[0039] FIG. 15 is a waveform showing a manner of 
leakage of a harmonic wave obtained when the delay- 
type FM demodulation circuit in FIG. 1 0 is used for sub- 
audio demodulation in an EIAJ standard TV sound mul- 
tiplex broadcast. In this case, conditions are set as fol- 
lows. That is, the delay times of all the delay circuits are 
1/8 a carrier wave period, an input signal is not modu- 
lated, and a primary LPF having a cut-off frequency of 
1 5.734 kHz and a primary LPF having a cut-off frequen- 
cy of 2.12 kHz are connected in cascade to the output 



terminal of the multiplication circuit. 
[0040] As is apparent from the waveform in FIG. 15, 
leakage of a harmonic wave is smaller than the leakage 
of the harmonic wave shown in FIG. 7, in which the con- 
ventional delay-type FM demodulation circuit is used, 
by about 22 dB. 

[0041] FIG. 16 shows the waveform of a demodula- 
tion output obtained when the delay-type FM demodu- 
lation circuit shown in FIG. 1 0 is used for sub-audio de- 
modulation in EIAJ standard TV sound multiplex broad- 
cast. In this case, conditions are set as follows. That is, 
the delay times of all the delay circuits are 1/8 a carrier 
wave period, an input signal has a frequency of 1 kHz, 
a modulation factor is 100%, and a primary LPF having 
a cut-off frequency of 15.734 kHz and a primary LPF 
having a cut-off frequency of 2.12 kHz are connected in 
cascade to the output terminal of the multiplication cir- 
cuit, 

[0042] As is apparent from FIG. 1 6, leakage of a har- 
monic wave for a demodulation output is smaller than 
that in the characteristics shown in FIG. 8 in which the 
conventional delay-type FM demodulation circuit is 
used. 

[0043] FIG. 1 7 shows the frequency spectrum of the 
demodulation output shown in FIG. 16. As is apparent 
from FIG. 17, this frequency spectrum has a harmonic 
wave up to 100 kHz which is smaller than that of the 
frequency spectrum of the demodulation output shown 
in FIG. 9, in which the conventional delay-type FM de- 
modulation circuit is used, by about 15 dB as a whole. 
In particular, the harmonic wave of a portion correspond- 
ing to a frequency which is twice the carrier wave fre- 
quency is decreased by 30 dB or more. Since the input 
signal is FM-modulated, and instantaneously has a fre- 
quency which is not equal to the carrier wave frequency, 
a component having a frequency which is twice the input 
signal frequency of this portion cannot be completely re- 
moved. However, since almost all components can be 
converted into components each having a frequency 
which is four times the input signal frequency where in- 
put signal has a frequency which is close to the carrier 
wave frequency, leakage of the harmonic wave decreas- 
es as a whole. 

[0044] FIG. 18 shows a delay-type FM demodulation 
circuit not belonging to the present invention. 
[0045] The delay-type FM demodulation circuit in FIG. 
18 is the same as the delay-type FM demodulation cir- 
cuit shown in FIG. 10 except for a second delay means 
and a third delay means. For this reason, the same ref- 
erence numerals as in FIG. 10 denote the same parts 
in FIG. 18, and a description thereof will be omitted. 
[0046] More specifically, as the second delay means 
for obtaining the second signal, a second delay circuit 
13a which receives an output signal (S12) from the lim- 
iter amplifier 11 and delays the signal by a predeter- 
mined time is used. As the third delay means for obtain- 
ing the third signal, a third delay circuit 14a which re- 
ceives an output signal (S12) from the limiter amplifier 
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11 and delays the signal by a predetermined time is 
used. 

[0047] The operation of the delay-type FM demodu- 
lation circuit in FIG. 1 8 is basically the same as the op- 
eration of the delay-type FM demodulation circuit in FIG. 
10 except for methods of generating the second and 
third signals. 

[0048] In the delay-type FM demodulation circuit in 
FIG. 1 8, assume thatthe delay time of a first delay circuit 

12 is set to be 1/8 of a carrier wave period, that the delay 
time of the second delay circuit 1 3a is set to be 1/4 the 
carrier wave period, and that the delay time of the third 
delay circuit 1 4a is set to be 3/8 the carrier wave period. 
In this case, when the frequency of the input signal is 
equal to the frequency of the carrier wave, a harmonic 
wave included in an additioned output signal (S18) is 
only a harmonic component which is four times an input 
signal frequency, a harmonic component which is twice 
the input signal frequency is completely removed, and 
detection efficiency is maximum. 

[0049] FIG. 19 shows a delay-type FM demodulation 
circuit according to the second embodiment of the 
present invention. In the delay-type FM demodulation 
circuit in FIG. 19, reference numeral 11 denotes a limiter 
amplifier (amplitude limit amplification circuit) for per- 
forming amplitude limit amplification to an FM-modulat- 
ed input signal (Sll) as in the first embodiment. 
[0050] Reference numeral 1 2 denotes a first delay cir- 
cuit for delaying an output signal (S12) from the limiter 
amplifier by a predetermined time to obtain a first delay 
signal (S13). Reference numeral 15 denotes a multipli- 
cation circuit for multiplying the output signal (S1 2) from 
the limiter amplifier and the first delay signal (S13) to 
obtain an output signal (S15). Reference numeral 13b 
denotes a second delay circuit for delaying an output 
signal (S16) from the multiplication circuit by a prede- 
termined time to obtain a second delay signal (S17b). 
Reference numeral 16 denotes an addition circuit for 
adding the output signal (S16) from the first multiplica- 
tion circuit 1 5 and the output signal (S1 7b) from the sec- 
ond delay circuit 13b. Reference numeral 18 denotes 
an LPF (low pass filter) which receives an output signal 
(S18) from the addition circuit 16 to remove an unnec- 
essary harmonic wave. 

[0051 ] More specifically, in the delay-type FM demod- 
ulation circuit in FIG. 1 9 causes the first delay circuit to 
delay the first delay signal by a time shorter than a time 
which is 1/4 a signal period obtained when the FM-mod- 
ulated input signal is positively deviated by the maxi- 
mum frequency. The second delay circuit delays the out- 
put signal from the first multiplication circuit by a time 
shorter a time obtained by subtracting the delay time of 
the first delay circuit from the time which is 1 /4 the signal 
period. FIG. 20 shows waveforms of respective parts for 
explaining an operation in the delay-type FM demodu- 
lation circuit in FIG. 19. In this case, the delay times of 
the first and second delay circuits are 1/8 the carrier 
wave period of the input signal. In this case, when the 



input signal frequency is equal to the carrier wave fre- 
quency, a harmonic wave included in the additioned out- 
put signal (S1 8) is only a harmonic component which is 
four times the input signal frequency. For this reason, a 
s harmonic component which is twice the input signal fre- 
quency is completely removed, and detection efficiency 
is maximum. 

[0052] FIG. 21 shows waveforms of respective parts 
for explaining an operation performed when the fre- 

10 quency of an input frequency is lower than the frequency 
of the input signal in FIG. 20 in the delay-type FM de- 
modulation circuit in FIG. 1 9. FIG. 22 shows waveforms 
of respective parts for explaining an operation per- 
formed when the frequency of an input frequency is 

15 higher than the frequency of the input signal in FIG. 20 
in the delay-type FM demodulation circuit in FIG. 19. 
[0053] As has been described above, according to the 
delay-type FM demodulation circuit of the present inven- 
tion, the frequency of the harmonic wave of a demodu- 

20 lation signal included in an arithmetic calculation output 
signal can be shifted up. Even if an LPF having relatively 
moderate stopping characteristics is used, harmonic 
wave removal can be satisfactorily performed. 

25 

Claims 

1 . A delay-type FM demodulation circuit comprising: 

30 first delay means (12) for obtaining a first signal 

(S13) delayed from a FM-modulated input sig- 
nal by a time shorter than a time T which is half 
a signal period obtained when the input signal 
(S12) is positively deviated by a maximum fre- 

35 quency; 

second delay means (13) having an input con- 
nected to an output of said first delay means 

(12) , for obtaining within a time shorter than T, 
40 a second signal (S1 4) which is delayed with re- 
spect to the imput signal by a time longer than 
the delay time of the first signal; 

third delay means (1 4) having an input connect- 
45 ed to an output of said second delay means 

(1 3) , for obtaining within a time shorter than T, 
a third signal (S15) which is delayed with re- 
spect to the input signal by a time longer than 
the delay time of the second signal; 

50 

a first multiplication circuit (15) for multiplying 
the input signal and the first signal; 

a second multiplication circuit (16) for multiply- 
55 jng the second signal and the third signal; and 

an adding circuit (17) for adding an output sig- 
nal (S16) from said first multiplication circuit 
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and an output signal (S17) from said second 
multiplication circuit. 

2. A delay-type FM demodulation circuit according to 
claim 1 , characterized in that 5 
said first means is a first delay circuit (12) for delay- 
ing the input signal (S12) by a time which is 1/8 a 
carrier wave period, said second means is a second 
delay circuit (13) for delaying the first signal (S13) 

by a time which is 1/8 the carrier wave period, and 10 
said third means is a third delay circuit (14) for de- 
laying the second signal (S14) by a time which is 
1/8 the carrier wave period. 

3. A delay-type FM demodulation circuit comprising: is 

first means (1 2) for obtaining a first signal (S1 3) 
which is delayed from a FM-modulated input 
signal by an arbitrary time which is shorterthan 
a time T which is a quarter of a signal period 20 
obtained when the input signal (S12) is posi- 
tively deviated by a maximum frequency; 

a multiplication circuit (1 5) for multiplying the in- 
put signal and the first signal; 25 

second means (1 3b) for obtaining a second sig- 
nal (S17b) delayed with respect to an output 1 
signal (S16) from said multiplication circuit by 2. 
a time equal to or shorter than a time obtained 30 
by subtracting a delay time of said first means 
from T; and 

an addition circuit (1 6) for adding the output sig- 
nal (S1 6) from said multiplication circuit and the 35 
second signal. 

4. A delay-type FM demodulation circuit according to 
claim 3, characterized in that 

40 

said first means is a first delay circuit (12) for 
delaying the input signal (S1 1 ) by a time which 3. 
is an eighth of a carrier wave period; and 

said second means (1 3b) is a second delay cir- 45 
cuit for delaying the output signal (S16) from 
said multiplication circuit (1 5) by a a time which 
is an eighth of the carrier wave period. 

50 

Revendications , 

1. Circuit de demodulation MF du type a retard 
comprenant : 

55 

un premier moyen de retard (12) pour obtenir 
un premier signal (S13) retarde d'un signal 
d'entree module en MF d'un temps plus court 



qu'un temps T qui est la moitie d'une periode 
de signal obtenue lorsque le signal d'entree 
(S12) est positivement devie d'une frequence 
maximum ; 

uh second moyen de retard (13) ayant une en- 
tree raccordee a une sortie dudit premier 
moyen de retard (12), pour obtenir dans un 
temps plus court que T, un second signal (S1 4) 
qui est retarde par rapport au signal d'entree 
d'un temps plus long que le retard du premier 
signal ; 

un troisieme moyen de retard (14) ayant une 
entree raccordee a une sortie dudit second 
moyen de retard (13), pour obtenir dans un 
temps plus court que T, un troisieme signal 
(S1 5) qui est retarde par rapport au signal d'en- 
tree d'un temps plus long que le retard du se- 
cond signal ; 

un premier circuit de multiplication (15) pour 
multiplier le signal d'entree et le premier signal ; 
un second circuit de multiplication (16) pour 
multiplier le second signal d'entree et le troisie- 
me signal ; et 

un circuit d'addition (17) pour additionner un si- 
gnal de sortie (S16) dudit premier circuit de 
multiplication et un signal de sortie (S17) dudit 
second circuit de multiplication. 

Circuit de demodulation MF du type a retard selon 
la revendication 1 , caracterise en ce que 

ledit premier moyen est un premier circuit a 
retard (12) pour retarder le signal d'entree (S12) 
d'un temps qui est 1/8® me d'une periode de la por- 
teuse, ledit second moyen est un second circuit a 
retard (13) pour retarder le premier signal (S13) 
d'un temps qui est l/8 6me de la periode de la por- 
teuse, et ledit troisieme moyen est un troisieme cir- 
cuit a retard (14) pour retarder le second signal 
(S14) d'un temps qui est 1/8 6me de la periode de la 
porteuse. 

Circuit de demodulation MF du type a retard 
comprenant : 

un premier moyen (12) pour obtenir un premier 
signal (S1 3) qui est retarde d'un signal d'entree 
module en MF d'un temps arbitraire qui est plus 
court qu'un temps T qui est 1/4 d'une periode 
de signal obtenue lorsque le signal d'entree 
(S12) est positivement devie d'une frequence 
maximum ; 

un circuit de multiplication (15) pour multiplier 
le signal d'entree et le premier signal ; 
un second moyen (1 3b) pour obtenir un second 
signal (S1 7b) retarde par rapport a un signal de 
sortie (S16) dudit circuit de multiplication d'un 
temps egal ou plus court qu'un temps obtenu 
en soustrayant un retard dudit premier moyen 
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de T ; et 

un circuit d'addition (1 6) pour additionner le si- 
gnal de sortie (S16) dudit circuit de multiplica- 
tion et le second signal. 

4. Circuit de demodulation MF du type a retard selon 
la revendication 3, caracterise en ce que 

ledit premier moyen est un premier circuit a re- 
tard (12) pour retarder le signal d'entr6e (S11) 
d'un temps qui est 1/8® me d'une peYiode de la 
porteuse ; et 

ledit second moyen (13b) est un second circuit 
a retard pour retarder le signal de sortie (S16) 
dudit second circuit de multiplication (15) d'un 
temps qui est 1 /8 6me de la periode de la porteu- 
se 



Patentanspruche 

1. FM-Demodulationsschaltung vom Verzogerungs- 
typ, die folgendes aufweist: 

eine erste Verzogerungseinrichtung (12) zum 
Erhalten eines ersten Signals (S13), das ge- 
genuber einem FM-modulierten Eingangssi- 
gnal urn eine Zeit verzogert ist, die kurzer als 
eine Zeit T ist, die eine Halfte einer Signalperi- 
ode ist, die erhaiten wird, wenn von dem Ein- 
gangssignal (S12) um einemaximale Frequenz 
positiv abgewichen ist; 

eine zweite Verzogerungseinrichtung (13) mit 
einem Eingang. der an einem Ausgang der er- 
sten Verzogerungseinrichtung (12) ange- 
schlossen ist, zum Erhalten eines zweiten Si- 
gnals (S14) innerhalb einer Zeit, die kurzer als 
T ist : das in bezug auf das Eingangssignal um 
eine Zeit verzogert ist, die langer als die Verzo- 
gerungszeit des ersten Signals ist; 

eine dritte Verzogerungseinrichtung (14) mit ei- 
nem Eingang, der an einem Ausgang der zwei- 
ten Verzogerungseinrichtung (13) angeschlos- 
sen ist, zum Erhalten eines dritten Signals 
(S15) innerhalb einer Zeit, die kurzer als T ist, 
das in bezug auf das Eingangssignal um eine 
Zeit verzogert ist, die langer als die Verzoge- 
rungszeit des zweiten Signals ist; 



eine Addierschaltung (17) zum Addieren eines 
Ausgangssignals (S1 6) von der ersten Multipli- 
kationsschaltung und eines Ausgangssignals 
(S1 7) von der zweiten Multiplikationsschaltung. 

5 

2. FM-Demodulationsschaltung vom Verzogerungs- 
typ nach Anspruch 1 , dadurch gekennzeichnet, daG 
die erste Einrichtung eine erste Verzdgerungs- 
schaltung (1 2) zum Verzogern des Eingangssignals 

10 (S12) um eine Zeit ist, die 1/8 einer Tragerwellen- 
periode ist, die zweite Einrichtung eine zweite Ver- 
zogerungsschaltung (13) zum Verzogern des er- 
sten Signals (S13) um eine Zeit ist, die 1/8 derTra- 
gerwellenperiode ist, und die dritte Einrichtung eine 
is dritte Verzogerungsschaltung (14) zum Verzogern 
des zweiten Signals (S14) um eine Zeit ist, die 1/8 
der Tragerwellenperiode ist. 

3. FM-Demodulationsschaltung vom Verzogerungs- 
20 typ, die folgendes aufweist: 

eine erste Einrichtung (12) zum Erhalten eines 
ersten Signals, das gegenuber einem FM-mo- 
dulierten Eingangssignal um eine beliebige Zeit 
25 verzogert ist, die kurzer als eine Zeit T ist, die 

ein Viertel einer Signalperiode ist, die erhalten 
wird, wenn von dem Eingangssignal (S12) um 
eine maximale Frequenz positiv abgewichen 
wird; 

30 

eine Multiplikationsschaltung (15) zum Multipli- 
zieren des Eingangssignals und des ersten Si- 
gnals; 

35 eine zweite Einrichtung (13b) zum Erhalten ei- 

nes zweiten Signals (S17b), das in bezug auf 
ein Ausgangssignal (S16) von der Multiplikati- 
onsschaltung um eine Zeit verzogert ist, die 
gleich einer oder kurzer als eine Zeit ist, die 
40 durch Subtrahieren einer Verzogerungszeit der 

ersten Einrichtung von T erhalten wird; und 

eine Additionsschaltung (1 6) zum Addieren des 
Ausgangssignals (S1 6) von der Multiplikations- 
45 schaltung und des zweiten Signals. 

4. FM-Demodulationsschaltung vom Verzogerungs- 
typ nach Anspruch 3, dadurch gekennzeichnet, da3 



so die erste Einrichtung eine erste Verzogerungs- 

schaltung (12) zum Verzogern des Eingangssi- 
gnals (S1 1 ) um eine Zeit ist, die ein Achtel einer 
Tragerwellenperiode ist; und 

55 die zweite Einrichtung (1 3b) eine zweite Verzo- 

gerungsschaltung zum Verzogern des Aus- 
gangssignals (S16) von der Multiplikations- 
schaltung (15) um eine Zeit ist, die ein Achtel 
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35 



eine erste Multiplikationsschaltung (15) zum 
Multiplizieren des Eingangssignals und des er- 
sten Signals; 

eine zweite Multiplikationsschaltung (16) zum 
Multiplizieren des zweiten Signals und des drit- 
ten Signals; und 
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derTragerwellenperiode ist. 
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